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Abstract 
BACKGROUND: Human femur medullary cavity has torsional anatomic structure. If the femur medullary 
cavity’s torsional structure is copied to the stem of the prosthesis, the prosthesis will transform the force 
loaded to torque between femur medullary cavity and prosthesis stem, and the torque is transmitted to the 
proximal femur when the prosthesis is inserted in the medullary cavity and load force on the prosthesis. 
OBJECTIVE: To optimize the force transmission of the proximal femur, and to avoid the stress shielding at 
the proximal end of the prosthesis.  
METHODS: We reconstructed a three-dimensional (3D) model of the femoral canal with the CT images of 
specimen femur and took the 3D model as the design model for prosthesis stem. The customized stem 
model and the proximal model of standard prosthesis could be put together to form customized prosthesis. 
We took advantage of robot grinding technology to manufacture the customized prosthesis, and matched it 
with specimen femur canal. Finite element analysis simulation and experimental methods were used to 
analyze the relationship between the loading force on the prosthesis and the micromotion of proximal end 
of the prosthesis.  
RESULTS AND CONCLUSION: The simulation and experimental results showed that the torsional 
structure matching by femoral canal and stem could effectively transmit the force on the prosthesis to the 
proximal end of the prosthesis in the form of torque. The torsional fretting of the proximal end of the 
prosthesis was related to the movement of the handle body. However, stem micromotion can be controlled 
by varying the matching size between stem and medullary cavity.  
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1?????????Materials and methods  
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Figure 1  Design of customized 
uncemented prosthesis 
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Figure 2  Robotic grinding system and 
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?? ????(mm) ????(mm) ?? 
? 1?? 0.014 8 0.275 6 0.019 9 
? 2?? ?0.028 1 0.385 9 0.021 2 
? 3?? 0.061 9 0.553 5 0.010 2 
? 4?? 0.241 3 0.847 1 0.061 6 
? 3  ?????????????? 
Figure 3  Relationship between the prosthesis micromotion 
and the force loading on prosthesis 
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Figure 4  Relationship between the prosthesis micromotion 
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Figure 5  Custom prosthesis 
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Figure 7  The existing 
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372.4 5 9 6.22×10-3 7.02×10-3 7.69 
590 38 66 47.30×10-3 51.51×10-3 42.10 
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